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Abstract of JP5047666 

PURPOSE:To alternately perform an ALE and a 
VPE without exposing a substrate with the 
atmosphere and without cooling it to the ambient 
temperature by narrowing between an inner wall of 
a reaction tube and the substrate on an ALP 
executing region, extending it on a VPE executing 
region, and optimizing material gas flowing speeds 
on the regions. 

CONSTITUTION:One reaction tube 1 is defined on 
an ALF optimized region and a VPE optimized 
region, a substrate 8 is moved to the regions by a 
susceptor 7, and a compound semiconductor layer 
of a molecular layer and an atomic layer by a 
crystalline growth of VPE and an ALF is formed. In 
this case, the flowing speed of the material gas in 
the tube 1 is set to a limit value or more for 
exhibiting a self-limiting effect on the ALE optimized 
region and to a limit value or less on the VPE 
optimized region. Thus, a sectional area of the tube 
1 is reduced on the ALE optimized region and 
increased on the VPE optimized region. In this 
manner, the ALE and the VPE are alternately 
executed. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Material gas and this organic metal material gas with which material gas which contains a cation component at least 
consists of an organic metal, and contains an anion component are introduced into a coil. The 2nd field where between the 1st field 
where it is vapor growth equipment into which a single crystal layer of a compound which consists of this cation component and an 
anion component on a substrate installed into this coil is grown up 5 and between the wall and said substrate is made narrow, its wall, 
and these substrates is extended Vapor growth equipment characterized by having said coil which it has, a means to move said 
substrate between said 1st field and 2nd field in the interior of said coil, and a means for heating this substrate to predetermined 
temperature in each of said 1st and 2nd fields. 

[Claim 2] The rate of flow of said organic metal gas in said 1st field is vapor growth equipment according to claim 1 characterized 
by being the rate of flow from which this organic metal gas molecule produces a boundary layer of thickness which can be passed by 
diffusion in time amount which the decomposition takes near [ said ] the substrate surface, and the rate of flow of said organic metal 
gas in said 2nd field being said below rate of flow. 

[Claim 3] A means for heating said substrate is vapor growth equipment according to claim 1 characterized by being a movable 
heater in parallel to migration of this substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment for carrying out epitaxial growth of the semiconductor layer using 

the material gas which consists of an organic metal on a substrate. 

[0002] 

[Description of the Prior Art] In manufacture of a semiconductor device, the vapor growth method (CVDxhemical vapor deposition 
or VPE: vapor phase epitaxi) of growing up a desired semiconductor layer on a substrate is used by the pyrolysis of the material gas 
containing the component which constitutes silicon or a compound semiconductor, or the reaction between two or more sorts of 
material gas. Moreover, utilization of the so-called atomic layer epitaxy (ALE:atomic layer epi-taxi) into which a compound 
semiconductor layer is grown up a monomolecular layer every using the surface reaction of a substrate and organic metal gas is 
advanced. According to this method, the pn junction and the heteroj unction which consist of the semiconductor layer of atomic layer 
order can be formed with a sufficient controllability, and the about three lxl020-/cm [ like the base layer in a hetero-bipolar 
transistor (HBT) ] impurity of super-high concentration can be doped with a sufficient controllability. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the change which usually introduces the organic metal gas containing a 
cation component and the material gas containing an anion component into a coil by turns is required for ALE, its growth rate of a 
semiconductor layer is low compared with VPE. Therefore, in one semiconductor device, although it is economically advantageous 
to formation of a semiconductor layer with comparatively big thickness to apply VPE, now, the vapor growth equipment which can 
carry out the both sides of ALE and VPE is not put in practical use. For this reason, the substrate needed to be moved and changed 
into another vapor growth equipment only for VPE(s) from the vapor growth equipment for example, only for ALE. Consequently, 
there was a problem with which the grown-up semiconductor layer touches and is polluted in atmospheric air. Moreover, since it was 
sometimes necessary to move between the above-mentioned vapor growth equipment, to change, and to once cool substrate 
temperature to a room temperature, passing through a heat cycle with the comparatively big semiconductor layer which already grew 
was not avoided, but there was a problem on which the crystallinity of an interface with the semiconductor layer which grew further 
on this deteriorates. A fundamental problem is unsolvable even if it connects two sorts of above vapor growth equipments with the 
load lock equipment in which evacuation is possible. 

[0004] This invention also aims the necessity of cooling to a room temperature without the necessity of taking out a substrate in 
atmospheric air at offering the vapor growth equipment which enables operation of ALE and VPE by turns nothing. As this VPE, 
MQVPE (metal organic VPE) using the organometallic compound of the shape of a gas of the same class as ALE as material gas is 
applied. 
[0005] 

[Means for Solving the Problem] The above-mentioned purpose introduces into a coil material gas and this organic metal material 
gas with which material gas which contains a cation component at least consists of an organic metal, and contains an anion 
component. The 2nd field where between the 1st field where it is vapor growth equipment into which a single crystal layer of a 
compound which consists of this cation component and an anion component on a substrate installed into this coil is grown up, and 
between the wall and said substrate is made narrow, its wall, and these substrates is extended Said coil which it has, and a means to 
move said substrate between said 1st field and 2nd field in the interior of said coil, It is attained by vapor growth equipment 
concerning this invention characterized by having a means for heating this substrate to predetermined temperature in each of said 1st 
and 2nd fields. 
[0006] 

[Function] In ALE, whenever it introduces into the interior of a coil by turns the material gas which consists of the organic metal 
containing a cation component, and the material gas containing an anion component, the so-called self RIMITINGU effect that the 
compound semiconductor crystal of a monomolecular layer grows is used. 

[0007] In order for the above self RIMITINGU effects to show up, it is required to spray material gas on a substrate at high speed. 
This is considered because it is required to make it stick to a substrate while not pyrolyzing the material gas introduced in the coil in 
a gaseous phase. That is, near the substrate surface in contact with the material gas which flows at high speed, the low boundary 
layer of the rate of flow is formed. Therefore, rate-limiting [ of the supply of the material gas to a substrate ] is carried out by the 
diffusion in this boundary layer. Since this boundary layer thickness is in inverse proportion to the rate of flow, material gas enables 
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diffusion of a boundary layer promptly by making the rate of flow high and making a boundary layer thin. 
[0008] If the case where gallium arsenide (GaAs) is grown up by ALE using an organometallic compound like trimethylgallium 
(TMG) as material gas of a gallium is taken for an example, the TMG molecule which arrived at the substrate surface, without 
pyrolyzing as mentioned above will stick to the substrate surface, and will form a surface layer. This which TMG cannot stick to this 
surface layer easily, and cannot cause a pyrolysis easily, either caused said self RIMITINGU effect. 

[0009] If the arsine (AsH3) which is material gas of an anion component is introduced, the above-mentioned surface layer will react 
with this, and the monomolecular layer of GaAs will generate it. Excessive AsH3 will be discharged. The GaAs crystal of desired 
thickness grows by repeating this process. 

[0010] As mentioned above, there is a maximum decided by the pyrolysis time amount (induction period after being heated by the 
predetermined temperature until it begins a pyrolysis) and the diffusion rate of material gas in the boundary layer thickness which 
makes ALE possible. In order to realize the boundary layer of this thickness, the rate of flow is enlarged. 

[001 1] On the other hand, it sets to MOVPE and the process which the pyrolysate of the material gas in a gaseous phase diffuses and 
deposits on a substrate is mainly used. Therefore, the rate of flow demanded in ALE, i.e., the rate of flow which produces the 
boundary layer of the thickness in which the self RIMITINGU effect shows up, and the twist of the rate of flow in MOVPE must 
also be low. 

[0012] In this invention^ the rate of flow in each field is optimized by making between the wall of a coil, and substrates narrow as 
mentioned above in the field which carries out ALE, and on the other hand extending in the field which carries out MOVPE. Above- 
mentioned narrow-izing and an above-mentioned escape are realized by changing the cross section of a coil in said each field. 
[0013] , 

[Example] Drawing 1 is the typical cross section showing the configuration of the vapor growth equipment of the horizontal type 
which applied this invention, for example, the coil 1 which has the cross section of the square shape which consists of a transparence 
quartz is installed so that the tube axis may become almost level. The 1st field (ALE optimization field) where the cross section with 
a coil 1 perpendicular to the tube axis was made small, and the 2nd field (MOVPE optimization field) where the cross section was 
enlarged are prepared, as the source of material gas for supplying the bubbler 2 of TMG, the bubbler 4 of trimethylaluminum 
(TMA), and an anion component to one edge 5 of a coil 1 as a source of material gas which consists of the organometallic compound 
for supplying for example, a cation component « the bomb 3 of AsH3 - it connects through the massflow controller 6, respectively. 
Evacuation of a coil 1 is made possible by the exhaust which was connected to the other-end section and which is not illustrated. 
[0014] The susceptor 7 which consists of GURAFAITO is installed in the interior of a coil 1, and the substrate 8 which consists of a 
GaAs crystal is laid on this. It connects with the migration device 9 of the shape of a rod which extends in the shaft orientations of a 
coil 1, and a susceptor 7 is moved to said ALE optimization field and a MOVPE optimization field by driving the migration device 9 
in the'direction of arrow head A by hand control or the motor. In addition, the cross section of a coil 1 and. the distance between the 
up internal surface and substrate 8 are as following. 
[0015] 

ALE Optimization field MOVPE Optimization field Cross section (cm2) 5.0 50 Distance (cm) 0.5 5.0 The substrate 8 is first moved 
to the MOVPE optimization field. Introducing AsH3 from a bomb 3, after carrying out evacuation of the interior of a coil 1, a 
susceptor 7 is heated with the induction-heating coil installed in the heater of the resistance heating mold built in this, or the exterior 
of a coil 1, and a substrate 8 is held at 700 degrees C. In addition, when using an induction-heating coil, it cannot be overemphasized 
that you may make it an induction-heating coil also move with migration of a susceptor 7. 

[0016] TMG is introduced into the coil 1 interior from a bubbler 2, continuing installation of AsH3. At this time, exhaust velocity is 
adjusted so that the flow rate of TMG and AsH3 may be set as 10SCCM(s) and 500SCCM(s), respectively and the total pressure in a 
coil 1 may serve as 20Torr(s). In this condition, the rate of flow of TMG in a MOVPE optimization field does not come to produce 
said self RIMITINGU effect, and these material gas pyrolyzes it in a gaseous phase, and diffuses it on the substrate 8 surface. That 
is, crystal growth by MOVEP is performed. Thus, a GaAs crystal with a thickness of about 1 micrometer is grown up on a substrate 
8.' 

[0017] Subsequently, installation of TMG from a bubbler 2 is suspended, and after adjusting the temperature of a susceptor 7 so that 
a substrate 8 may become 500 degrees C while continuing installation of AsH3 from a bomb 3 for a time and moving a substrate 8 to 
an ALE optimization field in the meantime, installation of AsH3 is suspended. 

[0018] Subsequently, TMA is introduced in a coil 1 from a bubbler 4. The flow rate of TMA at this time is set as 20SCCM(s), and 
exhaust velocity is adjusted so that the pressure in a coil 1 may serve as 20Torr(s). In this condition, the rate of flow of TMA in an 
ALE optimization field serves as a value which produces said self RIMITINGU effect, and aluminum of two atomic layers grows up 
to be the substrate 8 surface. 

[0019] Subsequently, while suspending installation of TMA from the above-mentioned bubbler 4, AsH3 from a bomb 3 is introduced 
into the coil 1 interior. Thereby, the bilayer of ALAs grows up to be the substrate 8 surface. 

[0020] Subsequently, while suspending installation of TMA from a bubbler 4, TMG is introduced from a bubbler 2. The flow rate of 
TMG at this time is set as 20SCCM(s), and exhaust velocity is adjusted so that the pressure in a coil 1 may serve as 20Torr(s). In this 
condition, the rate of flow of TMG in an ALE optimization field serves as a value which produces said self RIMITINGU effect, and 
Ga of one atomic layer grows up to be the substrate 8 surface. 

[0021] Subsequently, while suspending installation of TMG from the above-mentioned bubbler 2, AsH3 is introduced into the coil 1 
interior from a bomb 3. Thereby, the monomolecular layer of GaAs grows up to be the substrate 8 surface. 
[0022] It carries out by repeating growth of AlAs by Above ALE, and GaAs, and the distortion super- latticed layer of desired 
thickness is formed. While continuing installation of AsH3 from the bomb 3 of the last of this production process and moving a 
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substrate 8 to a MOVPE optimization field again, the temperature of SEPUTA 7 is adjusted so that it may be held at 700 degrees C. 
TMG is introduced into the coil 1 interior from a bubbler 2 after it. Thereby, a GaAs crystal with a thickness of lOOnm is grown up 
as a cap layer on a substrate 8. 

[0023] Drawin g 2 is the typical cross section showing the example at the time of applying this invention to the so-called chimney 
type of vapor growth equipment, and the vapor growth equipment which can enforce the aeropulse method especially. For example, 
the coil 1 1 of the shape of a cylinder which consists of a transparence quartz is installed so that the medial axis may turn to the 
direction of a vertical. The 1st field (ALE optimization field) where the cross section where a coil 11 is perpendicular to the medial 
axis was made small, and the 2nd field (MOVPE optimization field) where the cross section was enlarged are prepared. The source 
of material gas of others which are used like said example in the source of material gas and ALE of an organometallic compound for 
supplying a cation component is connected to one edge 12 of a coil 1 1 . Moreover, the coil 1 1 is made possible [ evacuation ] for the 
interior by the exhaust which was connected to the other-end section and which is not illustrated. Moreover, it is near the boundary 
of an ALE optimization field and a MOVPE optimization field, A coil 1 1 is penetrated and the material gas installation pipe 13 is 
formed. 

[0024] Inside the coil 1 1, the susceptor 14 of the shape of a cylinder which consists of GURAFAITO is held according to the rod- 
like migration device 15. As the substrate 17 which consists of a GaAs crystal counters an edge 12, it is being fixed to the susceptor 
14. A susceptor 14 is moved to said ALE optimization field and a MOVPE optimization field, respectively by driving the migration 
device 15 to an arrow head A 1 and A 2-way by hand control or the motor. In addition, the cross section of a coil 11 and the distance 
between the internal surface and substrate 17 are as following. 
[0025] 

ALE Optimization field MOVPE Optimization field Cross section (cm2) 50 530 Distance (cm) 1 10 First, as shown in drawing (b), 
the substrate 17 is moved to the MOVPE optimization field. Introducing AsH3 into the coil 1 1 interior through one of the material 
gas installation pipes 13, after carrying out evacuation of the interior of a coil 11, a susceptor 14 is heated with the induction-heating 
coil installed in the heater of the resistance heating mold built in this, or the exterior of a coil 1 1, and a substrate 17 is held at 700 
degrees C. In addition, when using an induction-heating coil, it cannot be overemphasized that you may make.it an induction-heating 
coil also move with migration of a susceptor 14. 

[0026] TMG is introduced into the coil 1 1 interior through another material gas installation pipe 13, continuing installation of AsH3. 
Exhaust velocity is adjusted so that the flow rate of TMG and AsH3 may be set as 20SCCM(s) and 500SCCM(s), respectively at this 
time and the total pressure in a coil 1 1 may serve as 10Torr(s). In this condition, the rate of flow of TMG in a MOVPE optimization 
field does not come to produce said self RIMITINGU effect, and these material gas pyrolyzes it in a gaseous phase, and diffuses it 
on the substrate 17 surface. That is, crystal growth by MOVEP is performed/Thus, a GaAs crystal with a thickness of 500nm is 
grown up on a substrate 17. 

[0027] Subsequently, installation of TMG from the material gas installation pipe 13 is suspended, and after continuing installation of 
AsH3 for a time, and adjusting the temperature of a susceptor 14 so that a substrate 17 may become 500 degrees C while moving a 
substrate 17 to an ALE optimization field in the meantime, as shown in drawin g 2 (a), installation of AsH3 from the material gas 
installation pipe 13 is suspended. 

[0028] Subsequently, TMA is introduced in a coil 1 from an edge 12. The flow rate of TMA at this time is set as 20SCCM(s), and 
exhaust velocity is adjusted so that the pressure in a coil 1 1 may serve as 10Torr(s). In this condition, it collides in the state of un- 
disassembling a TMA molecule into the substrate 17 surface. That is, the rate of flow of TMA at this time serves as a value which 
produces said self RIMITINGU effect, and aluminum of two atomic layers grows up to be the substrate 17 surface. 
[0029] Subsequently, while suspending installation of TMA from an edge 12, AsH3 is introduced into the coil 1 1 interior through an 
edge 12. Thereby, AlAs of a bilayer grows up to be the substrate 17 surface. 

[0030] Subsequently, while suspending installation of AsH3 ** TMG is introduced from an edge 12. The flow rate of TMG at this 
time is set as 20SCCM(s), and exhaust velocity is adjusted so that the pressure in a coil 1 may serve as 10Torr(s). In this condition, 
the rate of flow of TMA in an ALE optimization field serves as a value which produces said self RIMITINGU effect, and Ga of a 
monoatomic layer grows up to be the substrate 8 surface. 

[0031] Subsequently, installation of TMG is suspended and AsH3 is introduced into the coil 1 interior from an edge 12. Thereby, 
GaAs of a monomolecular layer grows up to be the substrate 17 surface. It carries out by repeating growth of AlAs by Above ALE, 
and GaAs, and the distortion super-latticed layer of desired thickness is formed. As shown in dewing! (b) after it, while moving a 
substrate 17 to a MOVPE optimization field again, the temperature of SEPUTA 14 is adjusted so that it may be held at 700 degrees 
C. And while suspending installation of AsH3 from an edge 12, TMG and AsH3 are introduced into the coil 1 1 interior from the 
material gas installation pipe 13. Thereby, a GaAs crystal with a thickness of lOOnm is grown up as a cap layer on a substrate 17. 
[0032] Although the case where the strained super lattice which consists of a GaAs crystal and GaAs, and AlAs was formed in the 
above-mentioned example on the substrate which consists of GaAs was shown, also when introducing the material gas containing 
the impurity element for giving a predetermined conductivity type at these when growing up compound semiconductors other than 
the above on other substrates, it cannot be overemphasized that this invention can be applied. Moreover, although VPE now used 
together with ALE has advantageous MOVPE using the material gas which consists of an organometallic compound since it is 
available, if common material gas is seen from the principle of this invention, interfere [ even if it uses together the vapor growth 
(VPE or CVD) using material gas other than an organometallic compound with ALE and carries out ] is clear. 
[0033] 

[Effect of the Invention] According to this invention, operation also of the necessity of taking out a substrate m atmospheric air, and 
the necessity of cooling to a room temperature is attained by turns in ALE and VPE nothing, and they have the effect which 
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contributes to improvement in the improvement in the engine performance of an electronic instrument using the compound 
semiconductor crystal of the thickness. which needs control of atomic layer order, reliability, and the manufacture yield. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. . 
3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[ Dra wing 1] 1st example explanatory drawing of this invention 
[Drawing 2} 2nd example explanatory drawing of this invention 
[Description of Notations] 

1 1 1 Coil 

2 4 Bubbler 

3 Bomb 

5 12 Edge 

6 Massflow Controller 

7 14 Susceptor 

8 17 Substrate 

9 1 5 Migration device 

13 Material Gas Installation Pipe 
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